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Human heparanase polypeptide and cDNA 

FIELD OF THE INVENTION 
This invention relates to newly identified polynucleotides, polypeptides encoded by such 
polynucleotides, the use of such polynucleotides and polypeptides, as well as the 
production of such polynucleotides and polypeptides. More particularly, a polypeptide of the 
present invention is "heparanase" obtainable from the human SV40-transfomried fibroblast 
cell line ATCC CCL 75.1. The heparanase is an endoglucuronidase capable of specifically 
degrading heparan sulfate into 6 to 20 kDa fragments. The invention also relates to vectors 
and host cells, comprising a polynucleotide of the invention. Furthermore, the present 
invention relates to antibodies directed to polypeptides according to the present Invention, 
to pharmaceutical compositions comprising such antibodies or polypeptides, and to assay 
systems suitable for identifiying agonists or antagonists of such polypeptides. 

BACKGROUND OF THE INVENTION 
Heparanase was first identified in murine metastatic melanoma cells by Nakajima et al. 
(Nakajima et al., Science 220: 611-613, 1983). They concluded the heparan sulfate 
degrading enzyme responsible is an endoglucuronidase, cleaving linkage between GlcA 
and GlcNAc, and named it heparanase (Nakajima et al., J. Biol. Chem. 259: 2283-2290. 
1984). The heparanase is a hydrolase distinguished from Flavobacterium heparitinase and 
heparinase (Ototani, N. et al., Carbohydrate Res. 88: 291-303, 1981) which are eliminases 
capable of specifically degrading heparan sulfate and heparin, respectively into di- and 
tetra-saccharides (Nakajima et al., J. Biol. Chem. 259: 2283-2290, 1984). 

Heparanase-iike activity has been found in several normal and tumor cells and tissues as 
reviewed by Nakajima et al. (J. Cell. Biochem. 36: 157-167, 1988). According to the reports 
from various laboratories the existance of at least three different types of heparin and/or 
heparan sulfate-degrading endoglucuronidase has been predicted. The melanoma 
heparanase degrades heparan sulfate but is not active on heparin. The human platelet 
heparanase depolymerizes both heparin and heparan sulfate and cleaves p-glucuronidic 
linkages in the antithrombin-binding domain of heparin (Thunberg et al., J. Biol. Chem. 
257:10278-10282. 1982). Another endoglucuronidase from mastocytoma cells catalyzes the 
depolymerization of macromolecular heparin proteoglycans into fragments similar in size to 
commercial heparin (Ogren and Lindahl, J. Biol. Chem. 250:2690-2697, 1975). The 
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mastocytoma enzyme has little or no activity against heparan sulfate and does not cleave 
the antithrombin-binding regions of heparin. 

The enzymatic characteristics of heparanase have been studied in several laboratories. 
Nakajima et al. found that heparanase does not degrade highly sulfated heparin of porcine 
mucosa and bovine lung, chondroitin 4-sulfate. chondroitin 6-sulfate. dermatan sulfate, and 
hyaluronic acid (Nakajima et al., J. Biol. Chem. 259: 2283-2290. 1984). They also reported 
that heparanase is inhibited by heparin described above but not by an exoglucuronidase 
inhibitor. 1 .4-saccharolactone (Nakajima et aL. J. Biol. Chem. 259: 2283-2290, 1984). 
Highly sulfated heparan sulfate produced by vascular endothelial cells is relatively resistant 
to heparanase as compared with bovine lung and kidney heparan sulfate and is cleaved by 
heparanase into large molecular size fragments (Nakajima et al., J. Biol. Chem. 259: 2283- 
2290. 1984). Thus they suggested the domain structures of heparan sulfate recognized by 
heparanase. Bai, X. et al (J. Biol. Chem. 272: 23172-23179. 1997) have recently shown 
with a use of a mutant cell line of CHO cell that 2-O-sulfate uronic acid is important for 
heparanase recognition of heparan sulfate and its enzymatic activity. Bame, K. J. et al (J. 
Biol. Chem. 272: 2245-2251, 1997) have predicted the existance of two types of 
heparanase. one cleaving near the reducing end and the other cleaving near the non- 
reducing end of highly sulfated region of heparan sulfate. Schmidtchen, A. et al. (Eur. J. 
Biochem. 223: 21 1-221, 1994) have also proposed the model of heparanase cleavage site 
from experiments that heparanase treatment generated iow-sulfated, GlcNAc-containg 
heparan sulfate fragments of approximately 7 kDa in molecular size. 

Various methods for detecting heparanase activity are reported including (i) polyacrylamide 
gel electrophoresis (Nakajima. M. et al., Science 220: 61 1-613, 1983). (ii) gel filtration 
chromatography (Nakajima. M. et al., J. Biol. Chem. 259: 2283-2290. 1984). (iii) high speed 
gel permeation chromatography (Irimura. T. et al.. Anal. Biochem. 130: 461-468, 1983) (iv) 
solid-phase substrates of heparanase (Nakajima. M. et al.. Anal. Biochem. 157: 162-171, 
1986; US 4859581). (v) radio-labeled and florescein-labeled heparan sulfate for detection of 
heparanase activity (US 4859581. WO 9504158A). (vi) use of chicken histidine rich 
glycoprotein (cHRG), taking advantage that heparanase treated heparan sulfate fragment 
has low affinity to cHRG. 
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Various methods for purifying heparanase have been disclosed in WO 9102977A and WO 
95041 58A: the fornner is a method for preparation of the native heparanase by using 
chromatographic procedure, and the later is a method for purifying heparanase having 
activity of endo-N-acetylglucosaminidase. 

Biochemical, biological, and pathological studies of heparan sulfate proteoglycans have led 
to examine the role of heparanase in various diseases. Heparan sulfate Is a major 
component of basement membranes which are continuous sheets of extracellular matrices 
separating parenchymal cells from underlying interstitial connective tissues. Basement 
membranes have characteristic permeability and play a role in maintaining normal tissue 
architecture. Heparan sulfate proteoglycans promote basal lamina matrix assembly by 
enhancing the interactions of collagenous and noncollagenous protein components while 
protecting them against proteolytic attack. Heparan sulfate is also a real barrier against 
cationic and large molecules in the basement membrane. Thus, the destruction of heparan 
sulfate proteoglycan barrier is an important step during the penetration of basement 
membranes by both nomnal and tumor cells (Nakajima, M. et al., J. Cell. Biochem. 36: 157- 
167, 1988). 

Most cancer mortality is the result of metastasis to regional and distant metastases. 
Metastasis formation occurs via a sequential and complex series of unique interactions 
between tumor cells and normal host cells and tissues. During the metastasis formation 
migrating tumor cells confront natural barriers such as connective tissues and basement 
membranes. The ability of malignant cells to penetrate these barriers depends on the 
presence of tumor and/or host enzymes capable of degrading stromal and basement 
membrane components. In fact several tumor cell-associated proteinases and glycosidases 
have been implicated in the tumor cell invasion and metastasis and their activities correlate 
with metastatic potential in several types of malignant cells. The enzymatic degradation of 
heparan sulfate proteoglycans in vascular subendothelial basement membranes followed 
by release of heparan sulfate fragments are achieved by metastatic tumor cells, angiogenic 
endothelial cells, and inflammatory cells. A good correlation between heparanase activity 
and metastatic potential has been found in several types of malignant tumors such as 
melanoma, T ceil lymphoma, fibrosarcoma, and rhabdomyosarcoma (Nakajima et al., 
Science220: 611. 1983; VIodavsky et al.. Cancer Res. 43: 2704. 1983; Ricoveri and 
Cappelletti, Cancer Res. 46: 3855. 1986; Becker et al.. J. Natl. Cancer Inst. 77: 417, 1986). 
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Similar observations have been reported from several other laboratories using different 
types of tumors as reviewed by Nakajima et al. (J. Cell. Blochem. 36: 157-167, 1988) and 
VIodavsky et al. (Cancer Metastasis Rev.. 9: 203-226. 1990), suggesting that heparanase 
plays a critical role in cell penetration through vascular basement membranes during the 
blood-borne metastasis, angiogenesis, and inflammatory cell migration. Therefore, 
heparanase inhibition leads to suppression of tumor cell extravasation and angiogenesis 
resulting in the inhibition of tumor metastasis. US 5262403A describes glycosaminoglycan 
derivatives and their use as inhibitors of tumor invasiveness of metastatic profusion. US 
4882318 describes heparin derivatives as inhibitors of tumor metastasis and angiogenesis. 

Various molecules such as fibroblast grov\rth factor (FGF), antithorombin III, platelet factor 
IV, vascular endothelial growth factor (VEGF), interferon-gamma (IFN-g), hepatocyto growth 
factor (HGF), kinases, phosphatases lipoprotein lipase, IP-10. herpes simplex virus type I 
are known to bind to heparan sulfate. Among all, extensive studies on interaction of bFGF 
and heparan sulfate have been reported from various laboratories(for review: Schlessinger, 
J. et al. Cell. 83: 357-360, 1995). Modulations of the Interactions and bioavailability of these 
molecules by heparanase have been reported by several groups. Whitelock. J. M. et al. (J. 
Biol. Chem. 271: 10079-10086, 1996) have shown heparanase as the most efficient agent 
among the enzymes they have tested (plasmin, collagenase, thrombin, and stromelysin) to 
release bound growth factors from perlecan, one of the heparan sulfate proteoglycans. 
They have speculated the release of bFGF from heparan sulfate oligosaccaride chains 
would lead to regeneration of tissues at sites of injury in the wound healing process. 

Hoogewerf . A. J. et al. have identified heparanase from human platelets and examined its 
enzymatic characteristics (J. Biol.Chem. 270: 3268-3277. 1995). The N-terminal amino acid 
sequence of heparanase from human platelets, which they identified, revealed it as 
Connective Tissue Activating Peptide-lll (CTAP-III), one of a CXC Chemokine family, and its 
mode of action was an endo-N-acetylglucosaminidase, degrading heparan sulfate into 
dissachrides. In their discussion they refen-ed to the dual function of CTAP-III as both a 
heparanase and a neutrophil chemoattractant, suggesting its funclons in various 
pathologies. For example, heparanase activity of the chemokine could down-regulate 
inflammation by degrading focal sites of chemokine anchoring on the surface of the 
inflammed endothelium. In vascular pathologies, degradation of vascular heparan sulfate by 
CTAP-III would remove antithrombin 111 binding sites and promote thrombogenesis. 
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Lider et al. have shown a disaccharide that inhibits tumor necrosis factor alpha is formed 
from the extracellular matrix by the enzyme heparanase (Proc. Natl. Acad. Sci. U.S.A. 92: 
5037-5041. 1995). When T-cells are activated by the antigens presented on antigen- 
presenting cells, they produce effector molecules, such as an inflammatory cytokines, tumor 
necrosis factor-alpha (TNF-a) and an enzyme, heparanase. As a consequence, heparanase 
disrupts heparan sulfate molecules in extracellular matricies and/or cell surfaces and 
produces dissaccharides of heparan sulfate, which in turn down-regulates the inflammatory 
activity of activated T-cells. The negative feedback control of T-cell mediated inflammation 
by heparanase implies that administering such enzyme molecules therapeutically might 
succeed in immune system modulation. 

Gilat, D. et al. have shown that the heparanase serves as a T-cell adhesion molecule at 
physiological pH (J. Exp. Med. 181: 1929-1934. 1995). At a physiological pH, the relatively 
quiescent enzyme, heparanase appears to act as a lectin-like proadhesive molecule that 
can organize the recruitment of resting T cells in extravascular loci. Therefore, the 
heparanase-mediated ECM-anchored CD4+ T cells could readily respond to costimulatory 
signals elicited by specifically activated adjacent immune cells. 

Beta-amyloid is a major component of the senile plaques characteristic of Alzheimer's 
disease (Snow, A.D. et al., Neuron 12: 219-234, 1996). Histochemical and 
immunocytochemical studies have shown that heparan sulfate proteoglycans and 
glycosaminoglycans colocalize with beta-amyloid protein in senile plaques of Alzheimer's 
disease. McCubbin et at (Biochem J. 256: 775-783, 1988) have shown that heparan sulfate 
removed all the random coil structure of serum amyloid polypeptide and converted into 
beta-sheet beta-turn confomnation leading to aggregation of amyloid-beta fibrils. Glypican, 
one of heparan sulfate proteoglycans was shown to binds to the amyloid precursor protein 
of Alzheimer's disease and inhibits amyloid precursor protein-induced neurite outgrowth 
(Williamson et al., J. Biol. Chem. 271: 31215-31221. 1996). These findings suggest that 
one mechanism to prevent the complex formation of beta-amyloid with heparan sulfate 
proteoglycan that lead to deposition of amyloid would be to degrade the proteoglycan. 
Small molecules, which mimic elements of the heparan sulfate structure, can interfere with 
both in vivo induction and persistence of amyloid protein, and furthemiore can interfere with 
the induction of amiloid beta-sheet formation and the amyloid-beta fibrinogenesis in vitro by 
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heparan sulfate (Kisilevsky et a!.. Nature Med. 1: 143-148, 1995). Thus, heparanase 
capable of degrading heparan sulfate can be used as a therapeutic tool to prevent beta- 
amyloid deposition in senile plaques. 

In view of the various features of enzymes showing heparanase-like activities, which are 
well suited for use in the pharmaceutical field, there is an ongoing need to provide further 
polypeptides showing such activities. Preferably, such polypeptides show an advantageous 
behaviour compared to that of known enzymes. Moreover, there is a need for providing a 
polynucleotide encoding such a polypeptide, in order to be able to prepare sufficient 
amounts of such a polypeptide by means of recombinant expression technologies. 

SUMMARY OF INVENTION 
The present invention relates to polypeptide showing the biological activity of human 
heparanase obtainable from the SV-40 transformed human fibroblast cell line ATCC COL 
75.1 , or a functional derivative, a functional fragment or a functional analogue thereof. 

The present invention further relates to a polynucleotide comprising a nucleotide sequence 
encoding a such a polypeptide. 

In another aspect the invention relates to a process for preparing such a polypeptide or 
such a polynucleotide. 

Moreover, the present invention relates to a hybrid vector comprising such a polynucleotide, 
and to a host cell transformed with such a hybrid vector. 

It is a further object of the present invention to provide an antibody specifically recognizing 
and binding to such a polypeptide and to a method of diagnosis utilizing such an antibody. 

Further objects of the present invention relate to pharmaceutical compositions comprising 
such a polypeptide or antibody, and to a method of treatment comprising administration of 
such a polypeptide or antibody. 
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In a yet further aspect the present invention provides an assay system and a method for 
identifying a substance capable of modulating the biological activity or expression of such a 
polypeptide, and substances obtainable by such a method. 

Another aspect of the present application relates to an oligonucleotide or a derivative 
thereof capable of specifically hybridizing with a polynucleotide according to the present 
invention. 

In a further aspect, the present invention is directed to the use of such a polynucleotide in 
gene therapy. 

DETAILED DESCRIPTION OF THE INVENTION 
In accordance with one aspect of the present invention, there is provided a polypeptide 
showing the biological activity of human heparanase obtainable from SV-40 transformed 
human fibroblast cell line ATCC CCL 75.1 , or a functional derivative, a functional fragment 
or a functional analogue thereof. In particular, such a polypeptide is an endoglucuronidase 
capable of specifically cleaving heparan sulfate into fragments having a size range of from 
about 6 kDa to about 20 kDa. Said human cell line is the cell line WI-38 VA13 subline 2RA. 
available from ATCC (American Type Culture Collection) under accession number ATCC 
CCL 75.1. It Is an SV40 virus-transformed derivative of the WI-38 fibroblast cell line (ATCC 
CCL 75), which is a diploid cell line from normal embryonic (3-month gestation) lung tissue 
of a Caucasian female. 

In a preferred embodiment thereof a polypeptide according to the present invention is the 
mature form of the polypeptide having the amino acid sequence set forth in SEQ ID NO 2. 
In particular, the mature polypeptide has the amino acid sequence of amino acids 158 to 
543 set forth in SEQ ID NO 2. 

The polypeptide having the amino acid sequence set forth in SEQ ID NO 2 (i.e. amino acids 
1 to 543) is the predicted precursor form of the protein where approximately the first 24 
amino acids represent the leader sequence and the first 157 amino acids are the 
prosequence. Such a precursor polypeptide forms another aspect of the present invention. 
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The present invention further provides a process for the preparation of a polypeptide of the 
invention, said process comprising chemical synthesis, recombinant DNA technology or a 
combination of these methods. 

In accordance with another aspect of the present invention, there is provided an isolated 
nucleic acid molecule (polynucleotide) comprising a nucleotide sequence encoding a 
polypeptide according to the present invention, i.e. a polypeptide showing the biological 
activity of human heparanase obtainable from SV-40 transformed human fibroblast cell line 
ATCC CCL 75.1 , or coding for the amino acid sequence of a functional derivative, a 
functional fragment or a finctional analogue thereof. Preferably such a polynucleotide 
comprises a nucleotide sequence encoding such a polypeptide having the amino acid 
sequence of amino acids 158 to 543 set forth in SEQ ID NO 2. said polypeptide being the 
mature form of the heparanase of the present invention. In another embodiment such 
polynucleotide comprises a nucleotide sequence encoding a polypeptide having the amino 
acid seqeunce of amino acids 1 to 543 set forth in SEQ ID NO 2, said polypeptide being the 
precursor form of the heparanase of the present invention. Another preferred embodiment 
of the present invention relates to a polynucleotide having the nucleotide sequence set forth 
in SEQ ID NO 1. 

A polynucleotide encoding a polypeptide of the present invention may be obtained from a 
cDNA library derived from human carcinoma cells, placenta, peripheral blood leucocytes, or 
lung. In particular, the polynucleotide described herein is isolated from a cDNA library 
derived from human SV-40 transfomned fibroblast cell line ATCC CCL 75.1. The cDNA 
insert is 3726 base pairs (bp) in length and contains an open reading frame encoding a 
protein 543 amino acids in length of which approximately the first 24 amino acids represent 
the leader sequence and first 157 amino acids represent the prosequence. Thus, the 
mature form of the polypeptide of the present invention consists of 386 amino acids after 
the 157 amino acid prosequence (which includes the approximately 24 amino acid leader 
sequence) is cleaved. The polypeptide may be found in lysosomes of, or extracellulariy 
near, carcinoma cells. 

The polynucleotide of the present invention may be in the form of RNA or in the form of 
DNA, which RNA includes mRNA and pre-mRNA, and which DNA includes cDNA, genomic 
DNA and synthetic DNA. The DNA may be double-stranded or single-stranded, and if single 
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Stranded may be the coding strand or non-coding (anti-sense) strand. The coding sequence 
which encodes the mature polypeptide or the precursor fomn may be identical to the coding 
sequence contained in SEQ ID NO 1 , or may be different from that coding sequence, as a 
result of the redundancy or degeneracy of the genetic code, but encodes the same, mature 
polypeptide or the precursor form thereof as the cDNA of SEQ ID NO 1, 

In preferred embodiments, the polynucleotide according to the present invention may 
include: only the coding sequence for mature polypeptide; the coding sequence for the 
leader or secretory sequence or a proprotein sequence; the coding suquence for the mature 
polypeptide (and optionally additional coding sequence) and non-coding sequence, such as 
introns or non-coding sequence 5*and/or 3' of the coding sequence for the mature 
polypeptide. 

Thus, the term "polynucleotide comprising a nucleotide sequence encoding a polypeptide" 
encompasses a polynucleotide which includes only coding sequence for the polypeptide as 
well as a polynucleotide which includes one or more additional coding and/or non-coding 
sequences. 

The present invention further relates to variants of the hereinabove described 
polynucleotides which encode for fragments, analogs and derivatives of the polypeptide 
having the deduced amino acid sequence of SEQ ID NO 2. The variant of the 
polynucleotide may be a naturally occurring allelic variant of the polynucleotide or a non- 
naturally occurring variant of the polynucleotide. The present Invention also relates to 
polynucleotide probes constructed form the polynucleotide sequence of SEQ ID NO 1 or a 
segment of the sequence of SEQ ID No 1 amplified by the PGR method, which could be 
utilized to screen an above mentioned cDNA library to deduce the polypeptide of the 
present invention. 

Thus, the present invention includes polynucleotides encoding the same mature 
polypeptide of the present invention as well as variants of such polynucleotides which 
variants encode for a fragment, derivative or analog of such a polypeptide. Such nucleotide 
variants include deletion variants, substitution variants and addition or insertion variants. 
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As hereinabove indicated, the polynucleotide may have a coding sequence which is a 
naturally occurring allelic variant of the coding sequence of SEQ ID NO 1. As known in the 
art, an allelic variant is an alternate form of a polynucleotide sequence which may have a 
substitution, deletion or addition of one or more nucleotides, which does not substantially 
alter the function of the encoded polypeptide. 

The present invention also includes polynucleotides, wherein the coding sequence for the 
mature polypeptide may be fused in the same reading frame to a polynucleotide sequence 
which aids in expression and secretion of a polypeptide from a host cell, for example, a 
controlling transport of a polypeptide from the cell. The polypeptide having a leader 
sequence is a preprotein and may have the leader sequence cleaved by the host cell to 
form a mature form of the polypeptide. The polynucleotides may also encode for a pro- 
protein which is the mature protein plus additonal N-terminal and C-terminal amino acid 
residues. A mature protein having a prosequence is a pro-protein and may in some cases 
be an inactive form of the protein. Once the prosequence is cleaved an active mature 
protein remains. 

Thus, for example, the polynucleotide of the present invention may encode for a mature 
protein, or for a protein having a prosequence or for a protein having both a presequence 
(leader sequence) and a prosequence. 

The polynucleotides of the present invention may also have the coding sequence fused in 
frame to a marker-sequence which allows for purification of the polypeptide of the present 
invention. The marker sequence may be a hexa-histidine tag supplied by a pProEX-HTb 
(Gibco BRL) vector to provide for purification of the mature polypeptide fused to the marker 
in the case of a bacterial host. or. for example, the marker sequence may be a 
hemagglutinin (HA) tag when a mammalian host, e.g. COS7 cells, is used. The HA tag 
correstponds to an epitope derived from the influenza hemagglutinin protein (Wilson, I., et 
al. Cell. 37:767 (1984)). 

A polynucleotide according to the present invention can be prepared by a process 
comprising chemical synthesis, recombinant DNA technology, polymerase chain reaction or 
a combination of these methods. Such a process forms a further aspect of the present 
invention. 
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The terms " funcronal fragment." 'lunctional derivative" and "functional analogue" when 
referring to a polypeptide according to the present invention, means a polypeptide which 
retains essentially the same biological function or activity as such polypeptide. Thus, an 
analogue may include a proprotein portion to produce an active mature polypeptide. 

The polypeptide of the present invention may be a recombinant polypeptide, a natural 
polypeptide or a synthetic polypeptide, preferably a recombinant polypeptide. 

The functional fragment, derivative or analog of a polypeptide of the present invention may 
be (!) one in which one or more of the amino acid resideus are substituted with a conserved 
or non-conserved aino acid residue (preferably a conserved amino acid residue) and such 
substituted amino acid residue may or may not be one encoded by the genetic code, or (ii) 
one in which one or more of the amino acid residues includes a substituent group, or (iii) 
one in which the mature polypeptide is fused with another compound, such as a compound 
to increase the half-life of the polypeptide (for example, polyethylene glycol), or (iv) one in 
which the additional amino acids are fused to the mature polypeptide, such as a leader or 
secretory sequence or a sequence which is employed for purification of the mature 
polypeptide or a proprotein sequence. Such fragments, derivatives and analogs are 
deemed to be within the scope of those skilled in the art from the teachings herein. 

The polypeptides and polynucleotides of the present invention are preferably provided in an 
isolated form, and preferably are purified to homogeneity. The term "isolated" means that 
the material is removed from its original environment (e.g., the natural environment if it is 
naturally occuring). For example, a naturally-occuring polynucleotide or polypeptide present 
in a living animal is not isolated, but the same polynucleotide (e.g. a DNA or a RNA 
molecule) or polypeptide, separated from some or all of the coexisting materials in the 
natural system, is isolated. A polynucleotide of the present invention could be a part of a 
vector and/or such a polynucleotide or polypeptide could be a part of a composition, and 
still be Isolated in that such a vector or composition is not a part of its natural environment. 

The present invention also relates to a hybrid vector comprising a polynucleotides of the 
present invention, said hybrid vector being operably linked to suitable control squences. 
Preferably, such a hybrid vector is an expression vector. Furthermore, the present invention 
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relates to a host cell transformed with a hybrid vector of the present invention, i.e. which 
host cell is genetically engineered with such a hybrid vector. In another aspect, the present 
invention relates to a recombinant process for the preparatioon of a polypeptide of the 
present invention, said process comprising (i) cultivation of a host cell transformed with a 
hybrid vector of the present invention under conditions suitable for perfomning expression of 
the polypeptide, and (ii) isolation of the thus-expressed polypeptide. 

Host cells are genetically engineered (transduced or transformed or transf ected) with the 
vectors of this invention which may be, for example, a cloning vectors or an expression 
vector. The vector may be, for example, in the form of a plasmid, a viral particle, a phage, 
etc. 

The engineered host cells can be cultured in conventional nutrient media modified as 
appropriate for activating promotes, selecting transformants or amplifying the Heparanase 
gene. The culture conditions, such as temperature, pH and the like, are those used with the 
host cell selected for expression, and will be apparent to the ordinarily skilled art. 

The polynucleotide of the present invention may be employed for producing a polypeptide 
by recombinant techniques. Thus, for example, the polynucleotide sequence may be 
included in any one of a variety of expression vehicles, in particular vectors or plasmids for 
expressing a polypeptide. Such vectors include chromosomal, nonchromosomal and 
synthetic DNA sequences, e.g., derivatives of SV40; bacterial pasmids; phage DNA; yeast 
plasmid; vectors derived from combinations of plasmids and phage DNA, viral DNA such as 
vaccinia, adenovirus, fowl pox virus, baculovirus. and pseudorabies. However, any other 
plasmid or vector may be used as long as it is replicable and viable in the host. 

As hereinabove indicated, the appropriate DNA sequence may be inserted into the vector 
by a variety of procedures. In general, the DNA sequence is inserted into appropriate 
restriction endonuclease sites by procedures known in the art. 

The DNA sequence in the expression vector is operatively linked to (an) appropriate 
expression control sequence(s) (promoter) to direct mRNA synthesis. As representative 
examples of such promoters, there may be mentioned: LTR or SV40 promoter, the E.coli. 
lac or trp. the expression of genes in prokaryotic or eukaryotic cells or their viruses. The 
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expression vector also contains a ribosome binding site for translation initiation and a 
transcription teminator. The vector may also include appropriate sequences for amplifying 
expression. 

In addition, the expression vectors preferably contain a gene to provide a phenotypic trait 
for selection of transfomned host cells such as dihydrofolate reductase or neomycin 
resistance for eukaryotic cell culture, or such as tetracycline or ampicillin resistance in 
E.coli. 

The vector containing the appropriate DNA sequence as hereinabove described, as well as 
an appropriate promoter or control sequence, may be employed to transform an appropriate 
host to permit the host to express the protein. As representative examples of an appropriate 
host, there may be mentinoned: bacterial cells, such as E.coli. Salmonella typhimurium; 
Streptomyces; fungal cells, such a s yeast; Insect cells such as Drosophila and Sf9; animal 
cells such as CHO and COS; plant cells, etc. The selection of an appropriate host is 
deemed to be within the scope of those skilled in the art fom the teachings herein. 

More particularly, the present invention also includes recombinant constructs comprising 
one or more of the sequences as broadly described above. The constructs comprise a 
vector, such as a plasmid or viral vector, into which a sequence of the invention has been 
inserted, in a forward or reverese orientation. The construct further comprises regulatory 
sequences, including, for example, a promoter, operably linked to the sequence. Large 
numbers of suitable vectors and promoters are known to those of skill in the art. and are 
commercially available. The following vectors are provided by way of example. 
Bacterial:pQE70, pQE60, pQE-9 (Qiagen)pBs, phagescript. psiX174. pBluescript SK, 
pBsKS, pNHBa, pNH16a, pNH18a, pNH46a (Stratagene); pTrc99A. pKK223-3. pKK233-3, 
pDR540, pRIT5 (Pharmacia). Eukaryotic: pWLneo, pSV2cat, pOG44. pXT1, pSG 
(Stratagene) pSVK3. pBPV, pMSG. pSVL (Pharmacia). However, any other plasmid or 
vector may be used as long as it is repficable and viable in the host. 

Promoter regions can be selected from any desired gene using CAT (chloramphenicol 
transferase) vectors or other vectors with selectable markers. Two appropriate vectors are 
pKK232-8 and pCM7. Particularly named bacterial promoters include lad. lacZ, T3, T7, gpt. 
lambda PR. PI and trp. Eukaryotic promoters include CMV immediate early. HSV thymidine 
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kinase, early and late SV40. LTRs from retrovirus, and mouse metallothionein-l. Selection 
of the appropriate vector and promoter is well within the level of ordinary skill in the art. 
In a further embodiment, the present invention relates to host cells containing the above- 
described construct. The host cell can be a higher eukaryotic cell such as mammalian cell, 
or a lower eukaryotic cell, such as a yeast cell, e.g. S. cerevisiae. or the host cell can be a 
prokaryotic cell, such as a bacterial cell. e.g. E. coli. Introduction of the construct into the 
host cell can be effected by clacium phospahe transfection. DEAE-Dextran mediated 
trasfection. or electorporation (Davis. L.. Dibner. M., Battey I., Basic Methods in Molecular 
Biology. 1 986)). 

The constructs in host cells can be used in a conventional manner to produce the gene 
product encoded by the recombinant sequence. Alternatively, the polypeptides of the 
invention can be synthetically produced by conventional peptide synthesizers. 

Mature proteins can be expressed in mammalian cells, yeast, bacteria, or other cells under 
the control of appropriate promoters. Cell-free translation systems can also be employed to 
produce such proteins using RNAs derived from the DNA costructs of the present invention. 
Appropriate cloning an expression vectors for use with prokaryotic and eukaryotic hosts are 
described by Sambrook. Et al., Molecular Cloning: A Laboratory Manual, Second Edition, 
(Cold Spring Harbor, N.Y., 1989), the disclosure of which is hereby incorporated by 
reference. 

Transcription of a DNA encoding the polypeptides of the present invention by higher 
eukatyotes is increased by inserting an enhancer sequence Into the vector. Enhancers are 
CIS-acting elements of DNA. usually about from 19 to 300 bp. that act on a promoter to 
increase its transcription. Examples include the SV40 enhancer on the late side of the 
replication origin (bp 100 to 270), a cytomegalovirus early promoter enhancer, a polyoma 
enhancer on the late side of the replication origin, and adenovirus enhancers. 

Generally, recombinant expression vectors will Include origins of replication and selectable 
markers permitting transformation of the host cell, e.g., the ampiclllin resistance gene of E. 
coli and S cerevisiae TRP1 gene, and a promoter derived form a highly-expressed gene to 
direct transcription of a downstream structural sequence. Such promoters can be derived 
from operons encoding glycolytic enzymes such as 3-phosphoglycerate kinase (PGK), 
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alpha factor, acid phosphatase or heat shock proteins, among others. The heterologous 
structural sequence is assembled in appropriate phase with translation initiation and 
termination sequences, and preferably, a leader sequence capable of directing secretion of 
a translated protein into the periplasmic space or extracellular medium. Optionally, the 
heterologous sequence can encode a fusion protein including an N-terminal identification 
peptide imparing desired characteristics, e.g.. stabilization or simplified purificatio of 
expressed recominant product. 

Useful expression vectors for bacterial use are constructed by inserting a structural DNA 
sequence encoding a desired protein together with suitable translation initiation and 
termination signals in operable reading phase with a functional promoter. The vector will 
comprise one or more phenotypic selectable markers and an origin of replication to ensure 
maintenance of the vetor and to, if desirable, provide amplification within the host. Suitable 
prokaryotic hosts for transformation include E.coli, Bacillus subilis, Salmonellatyphimurium 
and various species within the genera Pseudomonas, Streptomyce, and Staphylococcus, 
although others may also be employed as a matter of choice. 

As a representative but nonlimiting example, useful expression vectors for bacterial use can 
comprise a selectable marker and bacteria! origin of replication derived from commercially 
available plasmids comprising genetic elements of the well known cloning vector pBK322 
(ATCC37017). Such commercial vectors include, for, example, PKK223-3 (Phamiacia) and 
GEM1 (Promega Biotec, Madison, Wl, USA). These pBR3222 "backbone" sections are 
combined with an appropriate promoter and structural sequence to be expressed. 
Various mammalian cell culture systems can also be employed to express recombint 
protein. Examples of mammalian expression systems include the COS-7 lines of monkey 
kidney fibroblasts, described by Gluzman, Cell. 23:175 (1981), and other cell lines capable 
of expressing a compatible vector, for example, the CI 27, 3T3. CHO, HeLa and BHK cell 
lines. Mammalian expression vectors will comprise an origin of replication, a suitable 
promoter and enhancer, and also any necessary ribosome binding sites, polyadenylation 
site, splice donor and acceptor sites, transcriptional termination sequences, and 5' flaking 
nontranscribed sequences. DNA sequences derived from the SV40 viral genome for 
example. SV40 origin, eariy promoter, enhancer, splice, and polyadenylation sites may be 
used to provide the required nontranscribed genetic elements. 
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A thus-expressed polypeptide of the present invention is recovered and purified from 
recombinant ceil cultures by methods used heretofore, including detergent homoginates. 
Heparin-Sepharose chromatography, cation exchange chromatography, Con A-Sepharose 
chromatography, gel-filtration chromatography, and hydrophobic interaction 
chromatography. 

A polypeptide of the present invention may be purified products naturally expressed from a 
high expressing cell line, or a product of chemical synthetic procedures, or produced by 
recombinant techniques from a prokaryotic or eukaryotic host (hor example, by bacterial, 
yeast, higher plant, insect and mammalian cells in culture). Depending upon the host 
employed in a recombinant production procedure, a polypeptide of the present invention 
may be glycosylated with mammalian or other eukaryotic carbohydrates or may be non- 
glycosylated. A polypeptide of the invention may also include an initial methionine amino 
acid residue. 

The polynucleotides of the present invention are also valuable for chromosome 
identification. The polynucleotide is specifically targeted to and can hybridize with a 
particular location on an individual human chromosome. Moreover, there is a current need 
for identifying paricular sites on the chromosome. Few chromosome marking reagents 
based on actual sequence data (repeat polymorphism's) are presently available for marking 
chromosomal location. The mapping of DNAs to chromosomes according to the present 
invention is an important first step in correlating those sequences with genes associated 
with diseases. 

Briefly, sequences can be mapped to chromosomes by preparing PGR primers (preferably 
15-25b bp) from the cDNA Computer analysis of the cDNA is used to rapidly select primers 
that do not span more than one exon in the genomic DNA, thus complicating the 
amplification process. These primers are then used for PGR screening of somatic cell 
hybrids containing individual human chromosomes. Only those hybrids containing the 
human gene corresponding to the primer will yield an amplified fragment, 

PGR mapping of somatic cell hybrids is a rapid procedure for assigning a particular DNA to 
a particular chromosome. Using the present invention with the same oligonucleotide 
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primers, sublocalization can be achieved with panels of fragments from specific 
chromosomes or pools of large genomic clones in an analogous manner. Other mapping 
strategies that can similarly be used to map to its chromosome include in situ hybridization, 
prescreening with labeled flow-sorted chromosomes and preselection by hybridization to 
construct chromosome specific-cDNA libraries. 

Fluorescence in situ hybridization (FISH) of a cDNA clone to a metaphase chromosomal 
spread can be used to provide a precise chromosomal location in one step. This technique 
can be used with cDNA as short as 500 or 600 bases; however, clones larger than 2,000 bp 
have a higher likelihood of binding to a unique chromosomal location with sufficient signal 
intensity for simple detection. FISH requires use of the clone from which the EST was 
derived, and the longer the better. For example, 2,000 bp is good, 4.000 is better, and more 
than 4,000 is probably not necessary to get good results a reasonable percentage of the 
time. For a review of this technique, see Vemna et al., Human Chromosomes* a Manual of 
Basic Techniques. Pergamon Press, New York (1988). 

Once a sequence has been mapped to a precise chromosomal location, the physical positio 
of the sequence on the chromosome can be correlated with genetic map data. (Such data 
are found, for example, in V. McKusck, Mendelian Inheritance in Man (available on line 
through Johns Hopkins University welch Medical Library). The relationship between genes 
and diseases that have been mapped to the same chromosomal region are then identified 
through linkage analysis (coinheritance of physicall adjacent genes). 

Next, it is necessary to determine the differences in the cDNA or genomic sequence 
between affected and unaffected individuals. If a mutation is observed in some or all of the 
affected individuals but not in any normal individuals, then the mutation is likely to be the 
causative agent of the disease. 

With current resolution of physical mapping and genetic mapping techniques, a cDNA 
precisely localized to a chromosomal region associated with the disease could be one of 
between 50 and 500 potential causative genes. (This assumes 1 megabase mapping 
resolution and one gene per 20 kb) 
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Comparison of affected and unaffected individuals generally involves first looking for 
structural alterations in the chromosomes, such as deletions or translocations that are 
visible form chromosome spreads or detectable using PGR based on that cDNA sequence. 
Ultimately, complete sequencing of gened from several individuals is required to confirm the 
presence of a mutation and to distinguish mutations from polymorphisms. 

In another aspect the present invention relates to an oligonucleotide or a derivative thereof, 
or a salt thereof where salt-forming groups are present, which is specifically hybridizable 
with the nucleotide sequence set forth in SEQ ID NO 1 , said oligonucleotide or derivative 
thereof comprising nucleoside units or analogues of nucleoside units sufficient in number 
and identity to allow such hybridization. 

Such an oligonucleotide may have a length of, e.g., from about 5 to about 100 or to even 
several hundred nucleoside units or analogs thereof, depending on the intended use. 

An oligonucleotide of the invention may be used as a cloning or sequencing primer or 
probe. Another use relates to stimulating and inhibiting a polypeptide of the present 
invention in vivo by the use of sense or anti-sense technology. These technology can be 
used to control gene expression through triple-helix formation on double-stranded DNA or 
antisense-mechanisms on RNA, both of which methods are based on binding of such an 
oligonucleotide to DNA or RNA. For example, the 5' coding portion of the polynucleotide 
sequence, which encodes for the mature polypeptide of the present invention, is used to 
design an antisense RNA oligonucleotide of from about 10 to about 40 base pairs in length. 
A DNA oligonucleotide is designed to be complementary to a region of the gene involved in 
transcription (for triple-helix technology see Lee et ai, Nucl. Acids Res., 6:3073 (1979); 
Cooney et al, Science. 241:456 (1988); and Dervan et al, Science, 251:1360 (1991)), 
thereby preventing transcription and the production of Heparanase. The antisense RNA 
oligonucleotide hybridizes to the mRNA in vivo and blocks translation of an mRNA molecule 
into a polypeptide of the present invention (for antisense - technology see Okano, J. 
Neuroch., 56:569 (1991); Oligodeoxynucleotides as Antisense Inhibitors of Gene 
Expression, CRC Press. Boca Raton, FL (1988)). 
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Alternatively, the oligonucleotides described above can be delivered to cells by procedures 
in the art such that the anti-sense RNA or DNA may be expressed in vivo to inhibit 
production of a polypeptide of the present invention in the manner described above. 

Antisense constructs to a polypeptide of the invention, therefore inhibit the action of such a 
polypeptide and may be used for treating certain disorders, for example, cancer and cancer 
metastasis, since elevated levels of such a polypeptide is found in highly metastatic cell 
lines. 

The polypeptides, their functional fragments, derivatives or analogs thereof, or a cell 
expressing them can be used as an immunogen to produce antibodies thereto. 

Therfore, the present invention relates to an antibody which specifically recognizes and 
binds to a polypeptide of the invention. 

Such an antibody can be, for example, a polyclonal or a monoclonal antibody. The present 
invention also includes chimeric, single chain and humanized antibodies, as well as Fab 
fragments, or the product of and Fab expressing library. Various procedures known in the 
art may be used for the production of such antibodies and fragments. 

Antibodies generated against a polypeptide of the present invention can be obtained by 
direct injection of the polypeptide into an animal or by administering the polypeptide to an 
animal, preferably human. The antibody so obtained will then bind the polypeptide itself. In 
this manner, even a sequence encoding only a fragment of the polypeptide can be used to 
generate antibodies binding the whole native polypeptide. Such an antibody can then be 
used to isolate the polypeptide from tissue expressing that polypeptide. For preparation of 
monoclonal antibodies, any technique which provides antibodies produced by continuous 
cell line cultures can be used. Examples include the hybridoma technique (Kohier and 
Milstein, 1975, Nature, 256:495-497). the trioma technique, the human B-cell hybridoma 
technique (Kozbor et al., 1985, Imunology Today 4:72). and the EBV-hybridoma technique 
to produce human monoclonal antibodies (Cole, et al.. 1985, in Monoclonal Antibodies and 
Cancer Theraph. Alan R. Liss, Inc.. pp.77-96). 
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Techniques described for the production of single chain antibodies (e.g. U.S. Patent 4. 946, 
778) can be adapted to produce single chain antibodies to immunogenic polypeptide 
products of this invention. 

An antibodie specific to a polypeptide of the present invention may further be used to inhibit 
the biological action of the polypeptide by binding to the polypeptide. In this manner, the 
antibodies may be used in therapy, for example, to treat cancer since mRNA of such a 
polypeptide and the polypeptide itself is increased in SV-40 transformed fibroblasts. 

Further, such antibodies can detect the presence or absence of a polypeptide of the 
present invention and the level of concentration of such polypeptide and, therefore, are 
useful as diagnostic markers for the diagnosis of disorders such as cancer, cancer 
metastasis, and angiogenesis. 

Hence, the present invention relates to a method of diagnosis of conditions resulting from 
shortage or lack of a polypeptide of the present invention, in particular of a polypeptide 
showing the biological activity of human heparanase obtainable from the SV-40 transformed 
human fibroblast cell line ATCC CCL 75.1 , or a functional derivative, a functional fragment 
or a functional analogue thereof, inclusive the respective preferred embodiments thereof, or 
resulting from excessive acitvity or overexpresslon of such a polypeptide, said method 
comprising contacting cells or tissues or body fluids from an animal inclusive man 
suspected of having such a condition with an antibody of the present Invention. 

In a further aspect, the present invention relates to a method for identifying a substance 
capable of modulating the biological activity or expression of a polypeptide of the present 
Invention, said method comprising contacting such a polypeptide or a functional derivative, 
a functional fragment or a functional analogue thereof, or a cell capable of expressing such 
a polypeptide, functional derivative, functional fragment or functional analogue, with at least 
one compound or agent whose ability to modulate the biological activity or expression of 
said polypeptide is sought to be investigated, and determining the change of the biological 
activity or the expression of said polypeptide, derivative, fragment or analogue caused by 
the substance. 
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Another embodiment of the present invention relates to an assay system for testing a 
substance for its capability of binding to or having functional effects on a polypeptide of the 
present invetnion, said assay system comprising a polypeptide as of the present invention, 
or a functional derivative, a functional fragment or a functional analogue thereof, or a cell 
expressing such a polypeptide, functional derivative, functional fragment or functional 
analogue. 

In this context, the present invention is also directed to substance obtainable by an 
identification-method as described above, said substance being an agonist or an antagonist 
of a polypeptide of the present invention. 

Thus, the present invention is also directed to antagonists and inhibitors of a polypeptide of 
the present invention. The antagonists and inhibitors are those substances which inhibit or 
eliminate the function of such a polypeptide. The present invention further relates to 
agonists and stimulators of a polypeptide of the present invention. The agonists and 
stimulators are those substances which enhance the function or activity or the expression of 
such a polypeptide. 

For example, an antagonist may bind to a polypeptide of the present invention and inhibit or 
eliminates its function. The antagonist, for example, could be an antibody against the 
polypeptide which eliminated the activity of Heparanase by binding to Heparanase, or in 
some cases the antagonist may be an oligonucleotide. An example of an inhibitor is a small 
molecule inhibitor which inactivates the polypeptide by binding to and occupying the 
catalytic site, thereby making the catalytic site inaccessible to a substrate, such that the 
biological activity of Heparanase is prevented. Examples of small molecule inhibitors include 
but are not limited to small carbohydrate or carbohydrate-like molecules. 

In these ways, the antagonists and inhibitors may be used to treat cancer, angiogenesis by 
preventing heparanase from funcitioning to break down extracellular matrix and release 
heparan sulfate from extracellular matrix and cell surface. 

The antagonists and inhibitors may be employed in a composition with a pharmaceutically 
acceptable carrier, including but not limited to saline, buffered saline, dextrose, wate, 
glycerol, ethanol and combinations thereof. Administration of inhibitors of the polypeptides 
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of the present invention are preferably systemic. Surannin, a polysulfonated naphthylurea, 
was shown to strongly inhibit murin melanoma heparanase and its invation (Nakajima, M. et 
ai. J. Biol. Chem. 266. p9661-9666, 1991). 2.3-O-desulfated heparin was shown to inhibit 
heparanase activity, tumor growth of a subcutaneous human pancreatic (Ca-Pan-2) 
adenocarcinoma in nude mice and prolonged the survival times of C57BL/6N mice in a B16- 
F10 melanoma experimental lung metastasis assay (Lapierre. F. et al. Glycobioiogy vol. 6, 
335-366. 1996). 

In particular, the present invention also relates to an assay for identifying the above- 
mentioned substances, e.g. small molecule inhibitors, which are specific to the polypeptides 
and prevent them from functioning or prevent their expression. Either natural carbohydrate 
substrates or synthetic carbohydrates would be used to assess endo-glycosidase activity of 
the polypeptide, and the ability of inhibitors to prevent this activity could be the basis for a 
screen to identify compounds that have therapeutic activity in disorders of excessive activity 
or overexpression of a polypeptide according to the present invention. 

In particular, the present invention also relates to an assay for identifying the above- 
mentioned substances, e.g. small molecule stimulators, which are specific to the 
polypeptides and enhance its function or expression. Either natural carbohydrate substrates 
or synthetic carbohydrates would be used to assess endo-glycosidase activity of the d the 
ability of stimulators to enhance this activity could be the basis for a screen to identify 
compounds that have therapeutic activity in disorders which are resultant of shortage or 
lack of a polypeptide according to the present invention. 

A further aspect relates to a polypeptide according to the present invention for use in 
medicine. In particular, the invention relates to the use of a polypeptide according to the 
present invention in the preparation of a pharmaceutical composition for the treatment of a 
disease resulting from shortage or lack of said polypeptide. Instead of a polypeptide of the 
present invention, an agonist of the polypeptide or an expression inducer / enhancer of 
such a polypeptide may be used for the medicinal purposes. Such diseases are, for 
example, trauma, autoimmune diseases, skin diseases, cardiovascular diseases and 
nervous system diseases including Alzheimer's disease. 
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Another aspect relates to an antibody according to the present invention for use medicine. 
In particular, the invention relates to the use of an antibody according to the present 
invention in the preparation of a pharmaceutical composition for the treatment of a disease 
resulting from excessive acitvity or overexpression of a polypeptide of a polypeptide 
according to the present invention, instead of a antibody of the present invention, an 
antagonist of the polypeptide or an expression inhibitor of such a polypeptide may be used 
for the medicinal purposes. Such diseases are. for example, cancer, cancer metastasis, 
angiogenesis and inflammation including arthritis. 

The invention moreover is directed to a pharmaceutical composition suitable for 
administration to a warm-blooded animal inclusive man suffering from a disease resulting 
from shortage or lack of a polypeptide of the present invention, said composition comprising 
such a polypeptide together with at least one pharmaceutically acceptable carrier and/or 
excipient. In this context, the invention is directed to a method of treatment of a disease 
resulting from shortage or lack of a polypeptide of the invention said method comprising 
administration of a suitable amount of such a polypeptide. As mentioned above, instead of 
such a polypeptide said composition or method of treatment may comprise or utilize an 
agonist of the polypeptide or an expression inducer / enhancer of such a polypeptide. 

Furthermore, the invention Is directed to a pharmaceutical composition suitable for 
administration to a warm-blooded animal inclusive man suffering from a disease resulting 
from excessive acitvity or overexpression of a polypeptide of the present invention, said 
composition comprising an antibody of the present invention together with at least one 
pharmaceutically acceptable carrier and/or excipient. In this context, the invention relates to 
a method of treatment of a disease resulting from excessive acitvity or overexpression of a 
polypeptide of the present invention, said method comprising administration of a suitable 
amount of an antibody of the present invention. As mentioned above, instead of such an 
antibody said composition or method of treatment may comprise or utilize an antagonist of 
the polypeptide or an expression inhibitor of such a polypeptide. 

Further ingredients, i.e. a carrier or excipient, of a pharmaceutical composition of the 
present invention may be those known in the art, in particular those as decribed herein 
above. 
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In another aspect the present invention relates to a polynucleotide of the invention for use 
in gene therapy. 

The present invention will be further described with reference to the following examples; 
however, it is to be understood that the present invention is not limited to such examples. All 
parts or amounts, unless othenwise specified, are by weight. 

In order to facilitate understanding of the following examples, certain frequently occuring 
methods and/or terms will be described. 

"Plasmids" are designated by a lower case preceded and/or followed by capita! letters 
and/or numbers. The starting plasmids herein are either commercially available, publicly 
availabe on an unrestricted basis, or can be constructed from available plasmids in accord 
with published procedures. In addition, equivalent plasmids to those described are known in 
the art and will be apparent to the ordinarily silled artisan. 

"Digestion" of DNA refers to catalytic cleavage of the DNA with a restriction enzyme that 
acts only at certain sequences in the DNA. The various restriction enzymes used herein are 
commercially available and their reaction conditions, cofactors and other requirement were 
used as would be known to the ordinarily skilled artisan. Fro analytical purpose, typically 1 
microg of plasmid or DNA fragment is used with about 2 units of enzyme in about 20 microl 
of buffer solution. For the pupose of isolating DNA fragments for plasmid construction, 
typically 5 to 50 microg of DNA are digested with 20 to 250 units of enzyme in a larger 
volume. Appropriate buffers and substrate amounts for particular restriction enzymes are 
specified by the manufacturer. Incubation times of about 1 hour at ST'^C are ordinarily used, 
but may vary in accordance with the suppliers instructions. After digestion the reaction is 
electrophoresed directly on a polyacryiamide gel to isolate the desired fragment. 

Size separation of the cleaved fragments is performed using 8 percent polyacryiamide gel 
described by Goeddel. D. et al.. Nucleic Acis Res.. 8M057 (1980). 

"Oligonuc!eotides"refers to either a single stranded polydeoxynucleotide or two 
complementary strande polydeoxynucleotide strands which may be chemically synthesized. 
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Such synthetic oligonucleotides have no 5* phosphate and thus will not ligate to another 
oligonucleotide without adding a phosphate with an ATP in the presence of a kinas. A 
synthetic oligonucleotide will ligate to a fragment that has not been dephosphoryiated. 

"Ligation" refers to the process of forming phosphodiester bonds between two double 
strande nucleic acids. Unless otherwise provided, ligation may be accomplished using 
known buffers and conditions with 10 units of T4 DNA ligase per 0.5 microg of 
approximately equimolar amounts of the DNA fragments to be ligated. 
Unless otherwise stated, transformation is performed as described in the methods of 
Graham, F. and Van Der Eb, A., Virology, 52:456-457 (1973). 

EXAMPLES 

Example 1 

Expression and purification of a Doivoeptide of the present invention 

The DNA sequence encoding the polypeptide of the present Invention as outlined in 
SEQ ID NO 1 is initially amplified using PGR oligonucleotide primers corresponding to the 5' 
and 3* end of the DNA sequence to synthesize insertion fragments. The 5* oligonucleotide 
primer has the sequence of 5'-GGAATTCAGCAGCCAGGTGAGCCCAAG-3' containing an 
EcoRI restriction enzyme site followed by 20 nucleotides of the polypeptide coding 
sequence starting from the methionine start codon. The 3* primer sequence was 5*- 
ACTCGAGGATGCAAGCAGCAACTTTGGC-3' containing a complementary sequence to 
Xhol site and the last 21 nucleotides of the polypeptide coding sequence. The restriction 
enzyme sites correspond to the restriction enzyme sites on the pFastBad (Gibco BRL, 
Rockville. MD. U.S.A.). The plasmid vector encodes antibiotic resistance (Ampr), a bacterial 
origin of replication (on), and bacterial transposon Tn7. The pFastBacI vector is digested 
with EcoRI and Xhol and the insertion fragments are ligated Into the vector maintaing the 
reading frame. The ligation mixture is then used to transfomn the E. coli strain DH10B, The 
transformants are selected by their ability to grow on LB plates containing Amp. Clones 
containing the desired construct is then transposed to Bacmid DNA by transfoming 
DHIOBac with the recombinant plasmid vector containg desired heparanase gene. 
Transposed Bacmid DNA containing heparanase gene is selected by Blue/White selection 
by Bluo-gal on LB plate containg Kan, Gen, Tet, Bluo-gal, and IPTG. Clones Bacmid DNA 
containing desired gene is isolated, then, transfected to insect cell line Sf9 cells with 
CellFECTIN reagent (also available from GIBCO BRL). Harvesting of recombinant 
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baculovirus is performed 3 days after the transfection. Expression of the polypeptide is 
carried out by infecting insect Tn cells with recombinant baculoviruses containing the 
heparanase-coding gene. Culture supernatants of infected Tn cells are collected, and 
heparanase is purified by affinity chromatography. Briefly, the supernatant is loaded onto a 
heparin-Sepharose column and then heparanase Is eluted from the column by gradient 
solution of 0.15 to 1.0 M of NaCI. 

Example 2 

Assay fo r identifvlng aoonist and antagonist of a polypeptide of the present invention 
For heparanase substrates, heparan sulfate labeled with fluorescein isothiocyante (FITC) is 
used. Briefly, 5 mg of heparan sulfate from bovine kidney (available from Seikagaku 
Kougyou Ltd. Tokyo, Japna) is mixed with 5 mg of FITC in 0.1 M sodium carbonate (pH 
9.5), and incubated with gentle mixing at 4''C for 12 hours. The FITC-labeled heparan 
sulfate is fractionated by gel filtration using a Sephacyl S-300HR column (Pharmacia 
Biotech, Inc.) equilibrated with 25 mM Tris-HCI, 150 mM NaCI. One to five micrograms of 
FITC-labeled heparan sulfate is mixed with the purified polypeptide, which is prepared as 
described in the example 1 , in the presence or absence of agonist/antagonist and then 
incubated at S^C for 1-2 hours. The enzyme reaction is terminated by heating at 95°C for 5 
minutes. The inactivated mixture is analyzed by high-speed gel permeation chromatography 
using a TSKgelGSOOOPWXL column (available from TOSOH Ltd. Tokyo, Japan). The 
inhibitory activity of antagonist and the stimulatory activity of agonist are assessed by the 
amount of non-degraded heparan sulfate detected by a fluorescence monitor. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION 

(i) APPLICANT: Novartis AG 

(ii) TITLE OF INVENTION: Organic Compounds 

(iii) NUMBER OF SEQUENCE: 2 

(2) INFORMATION FOR SEQUENCE ID N0:1: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 3726 BASE PAIRS 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: cDNA 

(iii) SEQUENCE DESCRIPTION: SEQUENCE ID NO: 1 



1 


CAGCGCTGCT 


CCCCGGGCGC 


TCCTCCCCGG 


GCGCTCCTCC 


CCAGGCCTCC 


50 


51 


CGGGCGCTTG 


GATCCCGGCC 


ATCTCCGCAC 


CCTTCAAGTG 


GGTGTGGGTG 


100 


101 


ATTTCCTGGC 


GGGGGGAGCA 


GCCAGGTGAG 


CCCAAGATGC 


TGCTGCGCTC 


150 


151 


GAAGCCTGCG 


CTGCCGCCGC 


CGCTGATGCT 


GCTGCTCCTG 


GGGCCGCTGG 


200 


201 


GTCCCCTCTC 


CCCTGGCGCC 


CTGCCCCGAC 


CTGCGCAAGC 


ACAGGACGTC 


250 


251 


GTGGACCTGG 


ACTTCTTCAC 


CCAGGAGCCG 


CTGCACCTGG 


TGAGCCCCTC 


300 


301 


GTTCCTGTCC 


GTCACCATTG 


ACGCCAACCT 


GGCCACGGAC 


CCGCGGTTCC 


350 


351 


TCATCCTCCT 


GGGTTCTCCA 


AAGCTTCGTA 


CCTTGGCCAG 


AGGCTTGTCT 


400 


401 


CCTGCGTACC 


TGAGGTTTGG 


TGGCACCAAG 


ACAGACTTCC 


TAArriTCGA 


450 


451 


TCCCAAGAAG 


GAATCAACCT 


TTGAAGAGAG 


AAGTTACTGG 


CAATCTCAAG 


500 


501 


TCAACCAGGA 


TATTTGCAAA 


TATGGATCCA 


TCCCTCCTGA 


TGTGGAGGAG 


550 


551 


AAGTTACGGT 


TGGAATGGCC 


CTACCAGGAG 


CAATTGCTAC 


TCCGAGAACA 


600 


601 


CTACCAGAAA 


AAGTTCAAGA 


ACAGCACCTA 


CTCAAGAAGC 


TCTGTAGATG 


650 


651 


TGCTATACAC 


TTTTGCAAAC 


TGCTCAGGAC 


TGGACTTGAT 


CTTTGGCCTA 


700 


701 


AATGCGTTAT 


TAAGAACAGC 


AGA'l'iTGCAG 


TGGAACAGTT 


CTAATGCTCA 


750 


751 


GTTGCTCCTG 


GACTACTGCT 


CTTCCAAGGG 


GTATAACATT 


TCTTGGGAAC 


800 


801 


TAGGCAATGA 


ACCTAACAGT 


TTCCTTAAGA 


AGGCTGATAT 


TTTCATCAAT 


850 


851 


GGGTCGCAGT 


TAGGAGAAGA 


TTTTATTCAA 


TTGCATAAAC 


TTCTAAGAAA 


900 


901 


GTCCACCTTC 


AAAAATGCAA 


AACTCTATGG 


TCCTGATGTT 


GGTCAGCCTC 


950 


951 


GAAGAAAGAC 


GGCTAAGATG 


CTGAAGAGCT 


TCCTGAAGGC 


TGGTGGAGAA 


1000 


1001 


GTGATTGATT 


CAGTTACATG 


GCATCACTAC 


TATTTGAATG 


GACGGACTGC 


1050 


1051 


TACCAGGGAA 


GATTTTCTAA 


ACCCTGATGT 


ATTGGACATT 


TTTATTTCAT 


1100 
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1101 


CTGTGCAAAA 


AGTTrrCCAG 


GTGGTTGAGA 


GCACCAGGCC 


TGGCAAGAAG 


1150 


1151 


GTCTGGTTAG 


GAGAAACAAG 


CTCTGCATAT 


GGAGGCGGAG 


CGCCCTTGCT 


1200 


1201 


ATCCGACACC 


TTTGCAGCTG 


GCTTTATGTG 


GCTGGATAAA 


TTGGGCCTGT 


1250 


1251 


CAGCCCGAAT 


GGGAATAGAA 


GTGGTGATGA 


GGCAAGTATT 


CTTTGGAGCA 


1300 


1301 


GGAAACTACC 


A'rriAGTGGA 


TGAAAACTTC 


GATCCTTTAC 


CTGATTATTG 


1350 


1351 


GCTATCTCTT 


CTGTTCAAGA 


AATTGGTGGG 


CACCAAGGTG 


TTAATGGCAA 


1400 


1401 


GCGTGCAAGG 


TTCAAAGAGA 


AGGAAGCTTC 


GAGTATACCT 


TCATTGCACA 


1450 


1451 


AACACTGACA 


ATCCAAGGTA 


TAAAGAAGGA 


GA'n''l'AACTC 


TGTATGCCAT 


1500 


1501 


AAACCTCCAT 


AATGTCACCA 


AGTACTTGCG 


GTTACCCTAT 


CCTTTTTCTA 


1550 


1551 


ACAAGCAAGT 


GGATAAATAC 


CTTCTAAGAC 


CTTTGGGACC 


TCATGGATTA 


1600 


1601 


CTTTCCAAAT 


CTGTCCAACT 


CAATGGTCTA 


ACTCTAAAGA 


TGGTGGATGA 


1650 


1651 


TCAAACCTTG 


CCACCTTTAA 


TGGAAAAACC 


TCTCCGGCCA 


GGAAGTTCAC 


1700 


1701 


TGGGCTTGCC 


AGCTTTCTCA 


TATAGTTTTT 


TTGTGATAAG 


AAATGCCAAA 


1750 


1751 


GTTGCTGCTT 


GCATCTGAAA 


ATAAAATATA 


CTAGTCCTGA 


CACTGAATTT 


1800 


1801 


TTCAAGTATA 


CTAAGAGTAA 


AGCAACTCAA 


GTTATAGGAA 


AGGAAGCAGA 


1850 


1851 


TACCTTGCAA 


AGCAACTAGT 


GGGTGCTTGA 


GAGACACTGG 


GACACTGTCA 


1900 


1901 


GTGCTAGATT 


TAGCACAGTA 


TTTTGATCTC 


GCTAGGTAGA 


ACACTGCTAA 


1950 


1951 


TAATAATAGC 


TAATAATAGC 


TTGTTCCAAA 


TACTGCTTAG 


CATTTTGCAT 


2000 


2001 


GTTTTACTTT 


TATCTAAAGT 


TTTGTTTTGT 


TITATTATTT 


ATITATTTAT 


2050 


2051 


TTATTTTGTG 


ACGGAGAGAG 


ATTCCATCTC 


AAAAAAACAA 


GTTATTAAAA 


2100 


2101 


ATGTATATGA 


ATGCTCCTAA 


TATGGTCAGG 


AAGCAAGGAA 


GCGAAGGATA 


2150 


2151 


TATTATGAGT 


TTTAAGAAGG 


TGCTTAGCTG 


TATATTTATC 


TTTCAAAATG 


2200 


2201 


TATTAGAAGA 


•rriTAGAATT 


CTTTCCTTCA 


TGTGCCATCT 


CTACAGGCAC 


2250 


2251 


CCATCAGAAA 


AAGCATACTG 


CCGTTACCGT 


GAAACTGGTT 


GTAAAAGAGA 


2300 


2301 


AACTATCTAT 


TTGCACCTTA 


AAAGACAGCT 


AGATTTTGCT 


GATTTTCTTC 


2350 


2351 


TTTCGGTTTT 


CTTTGTCAGC 


AATAATATGT 


GAGAGGACAG 


ATTGTTAGAT 


2400 


2401 


ATGATAGTAT 


AAAAAATGGT 


TAATGACAAT 


TCAGAGGCGA 


GGAGATTCTG 


2450 


2451 


TAAACTTAAA 


ATTACTATAA 


ATGAAATTGA 


TTTGTCAAGA 


GGATAAATTT 


2500 


2501 


TAGAAAACAC 


CCAATACCTT 


ATAACTGTCT 


GTTAATGCTT 


GCTTTTTCTC 


2550 


2551 


TACCTTTCTT 


CCTTGTTTCA 


GTTGGGAAGC 


TTTTGGCTGC 


AAGTAACAGA 


2600 


2601 


AACTCCTAAT 


TCAAATGGCT 


TAAGCAATAA 


GGAAATGTAT 


ATTCCCACAT 


2650 


2651 


AACTAGACGT 


TCAAACAGGC 


CAGGCTCCAG 


CACTTCAGTA 


CGTCACCAGG 


2700 


2701 


GGATCTGGGT 


TCTTCCCAGC 


TCTCTGCTCT 


GCCATCTTTA 


GCGCTGGCTT 


2750 


2751 


CATTCTCAGA 


CTCTGGTAGC 


ATGATGGCTG 


TAGCTGTTTC 


ATGGGCCCCT 


2800 


2801 


TCAAACCTCA 


TAGCAACCAG 


AGGAAGAAAA 


TGAGCCATIT 


TTTGAGTCTC 


2850 


2851 


CTTCATAGAC 


TTGAATAACT 


CTTTTTCAGA 


GCTTCTCACA 


GCAAACCTCT 


2900 


2901 


CCTCATGTCT 


CCTCATGTCT 


TATTGTTCAG 


AAATGGGTAA 


TGTGGCCATT 


2950 


2951 


TCACCAGTCA 


CTGCCAACAA 


CAACGAGGTT 


CCTATAATTG 


TCTCTGAGTA 


3000 


3001 


ACCCTTTGGA 


ATGGAGAGGG 


TGTTGGTCAG 


TCTACAAACT 


GAACACTGCA 


3050 
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3051 


GTTCTGOOnT 


111 l/\Ol^x\ljrl 


nA A A A A ATriT 


A ATT A TTTT/^ 
AAl 1 Al 1 I i O 


UC/UICI lAAG 


3100 


3101 


GATTAATATT 


PTTP A A ATriT 
V> 1 1 Orvrvn. 1 kj x 


A T'^^P P 'PP.TT' A 
x\l Vjrl^l^ 1 Ijrl 1 A 


TPP A T A T A T 
1 LrLiA 1 A i ALr 1 


ATCTTTAAAA 


3150 


3151 


TTTTTTATTT 

X X X X X X X X X 


T* A A T* A nP'PT'r 
X /U\ 1 x\urv/ 111 


A nnnryv^ pap 


A ^TTTTT/^/^T' 
ALfl 111 ILrUl 


TACAGGGGTG 


3200 


3201 




TfiriT'/T. A A n A P 


lA^<j\jrL-'l i 1 1 A 


A TOT* A /^'PTTOrp 
AlCrl AO 1 l\jl 


CACCTGAGTG 


3250 




A 1 Cr 1 ACAl I G 


TAG CC AATAG 


GTAATTTTTC 


ATCCATTACC 


CTCCTTCCGC 


3300 


3301 


CCTCTTCCCT 


TCTGAGTCTC 


CAACATCCCT 


TATACCACTG 


TGTATGTTCT 


3350 


3351 


TGTGTACCTA 


CAGCTAAGCT 


TCCACTTATA 


AGTGAGAACA 


TGCAGTA'lTr 


3400 


3401 


GGTTTTCCAT 


TCCTGAGTTA 


CTTCCCTTAG 


GATAACAGCC 


CCCAGTTCCG 


3450 


3451 


TCCAAGTTGC 


TGCAAAATAC 


ATTATTCTTC 


TTTATGGCTG 


AGTAATAGTC 


3500 


3501 


CATGGTACAT 


ATATACCACA 


TTTTCTTTAT 


CCACTTATCA 


GTTGATGGAC 


3550 


3551 


ACTTAGGTTA 


ATTCCATTCA 


ATTTCATTCA 


ATITAAGTAT 


ATTTGTAAGG 


3600 


3601 


AGCTAAAGCT 


GAAAATTAAA 


TTTTAGATCT 


TTCAATACTC 


TTAAATTTTA 


3650 


3651 


TATGTAAGTG 


GTTTTTATAT 


TTTCACATTT 


GAAATAAAGT 


AATTTTTATA 


3700 


3701 


ACCTTGAAAA 


AAAAAAAAAA 


AAAAAA 






3726 



(3) INFORMATION FOR SEQUENCE ID NO:2: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 543 AMINO ACIDS 

(B) TYPE: AMINO ACIDS 

(C) STRANDEDNESS: 

(D) TOPOLOGY: LENEAR 

(ii) MOLECULE TYPE: PROTEIN 

(iii) SEQUENCE DESCRIPTION: SEQUENCE ID NO:2: 



Ser 


Ala 


Ala 


Pro 


Arg 


Ala 


Leu 


Leu 


Pro 


Gty 


Arg 


Ser 


Ser 


Pro 


Gly 


Leu 


Pro 


Gly 


Ala 


Trp 


lie 


Pro 


Ala 


lie 


Ser 


Ala 


Pro 


Phe 


Lys 


Trp 


Val 


Trp 


Val 


lie 


Ser 


Trp 


Arg 


Gly 


Glu 


Gin 


Pro 


Gly 


Gtu 


Pro 


Lys 


Met 
1 


Leu 


Leu 


Arg 


Ser 


Lys 


Pro 


Ala 


Leu 


Pro 
10 


Pro 


Pro 


Leu 


Met 


Leu 


Leu 


Leu 


Leu 


Gly 


Pro 
20 


Leu 


Gly 


Pro 


Leu 


Ser 


Pro 


Gly 


Ala 


Leu 


Pro 
30 


Arg 


Pro 


Ala 


Gin 


Ala 


Gtn 


Asp 


Val 


Val 


Asp 
40 


Leu 


Asp 


Phe 


Phe 


Thr 


Gin 


Glu 


Pro 


Leu 


His 
50 


Leu 


Val 


Ser 


Pro 


Ser 


Phe 


Leu 


Ser 


Val 


Thf 
60 


lie 


Asp 


Ala 


Asn 


Leu 


Ala 


Thr 


Asp 


Pro 


Arg 
70 


Phe 


Leu 


lie 


Leu 


Leu 


Gly 


Sex 


Pro 


Lys 


Leu 


Arg 


Thr 


Leu 


Ala 


Arg 


Gly 


Leu 


Ser 


Pro 


Ala 


Tyr 


Leu 


Arg 


Phe 


Gly 



80 90 
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Gly Thr Lys Tm- Asp Phe Leu lie Phe Asp Pro Lys Lys 

100 

Ser Tyr Trp Gin Ser G!n Val Asn Gin Asp He Cys Lys 

120 

Val Gtu Glu Lys Leu Arg Leu Glu Trp Pro Tyr Gin Glu 

140 

Tyr Gin Lys Lys Phe Lys Asn Ser Ih: Tyr Ser Arg Ser 

160 

Phe Ala Asn Cys Ser Gly Leu Asp Leu lie Phe Gly Leu 

180 

Asp Leu Gin Trp Asn Ser Ser Asn Ala Gin Leu Leu Leu 

200 

Tyr Asn He Ser Trp Glu Leu Gly Asn Glu Pro Asn Ser 

220 

Phe tie Asn Gly Ser Gin Leu Gly Glu Asp Phe Ita Gin 

240 

Ser Thr Phe Lys Asn Ala Lys Leu Tyr Gly Pro Asp Val 

260 

Ala Lys Met Leu Lys Ser Phe Leu Lys Ala Gly Gly Glu 

280 

His His Tyr Tyr Leu Asn Gly Arg Thr Ala Thr Arg Glu 

300 

Leu Asp lie Phe He Ser Ser Val Gtn Lys Val Phe Gtn 

320 

Gly Lys Lys Val Trp Leu Gly Glu Thr Ser Ser Ala Tyr 

340 

Ser Asp Thr Phe Aia Ala Gly Phe Met Trp Leu Asp Lys 

360 

Gly lie Glu Val Vai Met Arg Gh Val Phe Phe Gly Ala 

380 

Ghj Asn Phe Asp Pro Leu Pro Asp Tyr Trp Leu Ser Leu 

4(K) 

Thr Lys Val Leu Met Ala Ser Val Gin Gly Ser Lys Arg 

420 

His Cys Thr Aot Tttf Asp Asn Pro Arg Tyr Lys Glu Gly 

440 



Glu Ser Thr Phe Glu Glu Arg 
110 

Tyr Gly Ser He Pro Pro Asp 
130 

Gtn Leu Leu Leu Arg Glu His 
150 

Ser Val Asp . Val Ljeu Tyr Thr 
170 

Asn Ala Leu Leu Arg Thr Ala 
190 

Asp Tyr Cys Ser Ser Lys Gly 
210 

Phe Leu Lys Lys Ala Asp He 
230 

Leu His Lys Leu Leu Arg Lys 
250 

Gly Gin Pro Arg Arg Lys Thr 
270 

Val lie Asp Ser Val Thr Trp 
290 

Asp Phe Leu Asn Pro Asp Val 
310 

Val Val Glu Ser Thr Arg Pro 
330 

Gly Gty Gly Ala Pro Leu Ljeu 
350 

Leu Gly Leu Ser Ala Arg Met 
370 

Gly Asn Tyr His Leu Val Asp 
390 

Leu Phe Lys Lys Leu Val Gly 
410 

Arg Lys Leu Arg Val Tyr Leu 
430 

Asp t£u Thr Leu Tyr Ata lie 
450 
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Asn Uu His Asn VaJ Thr Lys Tyr Leu Arg Leu Pro Tyr Pro Phe Ser Asn Lys G!n Va) 

460 470 

Asp Lys Tyr Leu Leu Arg Pro Leu Gly Pro His Gly Leu Leu Ser Lys Ser Val Gin Leu 

480 490 

Asn Gly Leu Thr Leu Lys Met Val Asp Asp Gin Thr Leu Pro Pro Leu Mel Glu Lys Pro 

500 510 

Leu Arg Pro Gly Ser Ser Leu Gly Leu Pro Ala Phe Ser Tyr Ser Phe Phe Val lie Arg 

520 530 

Asn Ala Lys Val Ala Ala Cys He* 

540 



wo 99/40207 



PCT/EP99/00777 



- 32 - 
CLAIMS 

1. A polypeptide showing the biological activity of human heparanase obtainable from SV- 
40 transformed human fibroblast cell line ATCC CCL 75.1 , or a functional derivative, a 
functional fragment or a functional analogue thereof. 

2. A polypeptide according to claim 1 having the amino acid sequence of amino acids 158 
to 543 set forth in SEQ ID NO 2. 

3. A polypeptide having the amino acid sequence of amino acids 1 to 543 set forth in SEQ 
ID NO 2. 

4. A polynucleotide comprising a nucleotide sequence encoding a polypeptide as defined in 
any of claims 1 , 2 or 3. 

5. A polynucleotide according to claim 4 comprising the corresponding coding region 
contained in SEQ ID NO 1. 

6. A hybrid vector comprising a polynucleotide as defined in any of claims 4 or 5, said 
polynucleotide being operably linked to suitable control sequences. 

7. A hybrid vector according to claim 6, said hybrid vector being an expression vector. 

8. A host cell transformed with a hybrid vector as defined in claim 6 or claim 7. 

9. A process for the preparation of a polypeptide as defined in any of claims 1 , 2 or 3, said 
process comprising chemical synthesis, recombinant DNA technology or a combination of 
these methods. 

10. A process according to claim 9, said process comprising 

(i) cultivation of a host cell transformed with a hybrid vector as defined in claim 7 under 
conditions suitable for performing expression of the polypeptide, and 

(ii) isolation of the thus-expressed polypeptide. 
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11 . A process for the preparation of a polynucleotide as defined In any of claims 4 or 5, said 
process comprising chemical synthesis, recombinant DNA technology, polymerase chain 
reaction or a combination of these methods. 

12. An antibody which specifically recognizes and binds to a polypeptide as defined in any 
of claims 1 , 2 or 3. 

13. A polypeptide according to any of claims 1 . 2 or 3 for use in medicine. 

14. Use of a polypeptide according to any of claims 1 , 2 or 3 in the preparation of a 
pharmaceutical composition for the treatment of a disease resulting from shortage or lack of 
said polypeptide. 

15. A pharmaceutical composition suitable for administration to a warm-blooded animal 
inclusive man suffering from a disease resulting from shortage or lack of a polypeptide as 
defined in any of claims 1 , 2 or 3, said composition comprising a polypeptide as defined in 
any of claims 1 , 2 or 3 together with at least one pharmaceutically acceptable carrier and/or 
excipient. 

16. A pharmaceutical composition suitable for administration to a warm-blooded animal 
inclusive man suffering from a disease resulting from excessive acitvity or overexpression of 
a polypeptide as defined in any of claims 1 , 2 or 3, said composition comprising an antibody 
as defined in claim 12 together with at least one pharmaceutically acceptable carrier and/or 
excipient. 

17. A method of treatment of a disease resulting from shortage or lack of a polypeptide as 
defined in any of claims 1 , 2 or 3, said method comprising administration of a suitable 
amount of a polypeptide as defined in claim 1 . 2 or 3. 

18. A method of treatment of a disease resulting from excessive acitvity or overexpression 
of a polypeptide as defined in any of claims 1. 2 or 3, said method comprising 
administration of a suitable amount of an antibody as defined in claim 12. 
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1 9. A method for identifying a substance capable of modulating the biological activity or 
expression of a polypeptide as defined in any of claims 1 , 2 or 3 in a cell, said method 
comprising contacting a polypeptide as defined in any of claims 1 , 2 or 3, or a functional 
derivative, a functional fragment or a functional analogue thereof, or a cell capable of 
expressing a polypeptide as defined in any of claims 1 , 2 or 3. or a with at least one 
compound or agent whose ability to modulate the biological activity or expression of said 
polypeptide, functional derivative, functional fragment or functional analogue is sought to be 
investigated, and determining the change of the biological activity or the expression of said 
polypeptide, derivative or fragment caused by the substance. 

20. An assay system for testing a substance for Its capability of binding to or having 
functional effects on a polypeptide as defined in any of claims 1, 2 or 3 of. said assay 
system comprising a polypeptide as defined in any of claims 1, 2 or 3, or a functional 
derivative, a functional fragment or a functional analogue thereof, or a cell expressing such 
a polypeptide, functional derivative, functional fragment or functional analogue. 

21. A substance obtainable by a method as defined in claim 19, said substance being an 
agonist or an antagonist of a polypeptide as defined in any of claims 1 , 2 or 3. 

22. An oligonucleotide or a derivative thereof, or a salt thereof where salt-forming groups 
are present, which is specifically hybridizable with the nucleotide sequence set forth in SEQ 
ID NO 1 , said oligonucleotide or derivative thereof comprising nucleoside units or analogues 
of nucleoside units sufficient in number and identity to allow such hybridization. 

23. Use of a polynucleotide as defined in claim 4 in gene therapy. 

24. A method of diagnosis of conditions resulting from shortage or lack of a polypeptide as 
defined in any of claims 1, 2 or 3, or resulting from excessive acitvity or overexpression of a 
polypeptide as defined in any of claims 1. 2 or 3, said method comprising contacting cells or 
tissues or body fluids from an animal inclusive man suspected of having such a condition 
with an antibody as defined in claim 12 or a substance as defined in claim 21. 
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